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' I  We mud m e  u n i m d v  to #he practice of ?nvdurino swd atiaolcd not only to the region. 
W to the fndfufduolloedity."--C. S. Brand, United States Department of Agriculture. 

Too little attention has been paid up to the present to 
the study of environment in agriculture. As yield is the 
result of a compromise between specific product,ivity and 
resistance to the most adveFe phenomena, will it! be pos- 
sible to come to any conclusion relative to data for sowing, 
choice of variety, etc., when one of the terns of the com- 
romise is absolutely or almost completely disregarded P 

ft will be impossible, just as it is impossible for n tailor 
to make a suit for a man whom lie has never seen nnd 
whose measure he has never taken. 

B agricultural ecology we mean the stuc!y of the action 
of t % e different meteorological factors (in the atmos- 
phere and soil) a.nd the discovery of the estent to which 
it ex resses itself with relation to bhe plant as regards 
the {evelo ment and the yield. B more exact repre- 

culturist and help him in all his endeavors 1ea.ding to a 
bett,er adaptation of culture to climate and soil. Re- 
searches conducted and data worked out by the method 
roposd aim at establishing for each plant cultivated 
in the different oints of Its area of distribution) the 

genetic factors w ich rule its behavior in relation to 
environmental condit,ions and the exterior agents or 
grou of a ents which display t.he greatest influence on 
yielcfreveafing the characters of susceptibility or resist- 
ance determined by the genetic factors. 

Observations with reference to the relations between 
environmental factors and plant growth should be taken 
during the crit.ica1 periods after cleterniination of the 
o timum date for sowing. Frequency a.nd intensity of 
R t; verse phe.nome.na in connection with the c.ritic.al 
periods will determine the degree of resistance that is 
necessary to overcome unfavorable condit,ions and pro- 
duce a ood harvest. Such determinations are not only 
useful, %ut absolutely necessary. to carry out. plant 
breeding on a rational basis. 

C'oll&wn ?f &ta.-To obtain meteorological figures 
and biological data for corn arison. observations on 

conducted on parallel lines in the same place. 
E1aboratio.n of data.-Leading to the dsberniination of 

(1) critical periods; (2) freciuency o m 1  intensity of the clif- 
ferent meteorological phenomena; (3) phenological means. 

Points 1-3 ena.ble one exact biometeorological balance 
to be established. 

A plkation qf &.tu (worked out) as above).--Leading 
to t i e  following results: (1) Choice of the vwiety most 
suitable to the given conditions; (2) best dates (5) for 
sowing; (3) most suitable cultural operations to esca e 
unfavorable climatic conditions and best times fpDr 
carrying them out; (4) a practical knowledge of envi- 
ronment for the lant-breeder to enable him to obtain 
the t e (3) most s ikely to succeed under actual meteoro- 
lo ica 9p conditions. 

h e  fact that the negative action of the meteorological 
factors has a decided influence yearly on the decrease in 
crop yield has for a very long time past attracted the 
attention of students and practical workers. In  the 
year 286 B. C. Theophrastus asserted that annu8 fru,cli- 

ut mn tellus, and wa.s followed by Columella, vergil, e m o ,  and a hundred others during the Greek-Roman 
period, the middle age, and up to recent times. On the 

sentation o F environment will be of great. w e  to the agri- 

F 
Yl 

meteorological factors and bio P ogical resenrclies will be 

other hand, there is no agricultural country where the 
nature phraseology does not, include proverbial sayin 
with special reference to the relationship between t 8" e 
critical periods of plant growth and weather. 

At the present time observations are being made in 
connection with agricultural meteorological work almost 
everywhere. Before the war and revolution t,liere was 
in Russia an escellent agricultural meteorological service, 
organized by Prof. P. I. Brounov, the fouiider of agri- 
cultural meteorology, and periodical publications on the 
subject. were issued. 

Many countries publish periodical information on 
weather and crops, and a co:dern.ble quantity of infor- 
mation has been accuniulat..ld, but without system or 
coordination. It is not really sufficicnt to make parallel 
observations on the development of a lant nnd meteoro- 

allow the utilization of the data thus accumulated in con- 
nection with the im rovement of agriculture. and the 
pmct.ica1 solution of t i e  problems closely connected with 
ngricultmnl niet.eorology. . 

Following up the works of preceding authors (Brou- 
nor,  Warren. Smith, Gauer) and utilizing the present 
writer's own theory, I have combined all the elements 
and data into n new system of research. 

urpose t.he following points, must be estab- 
lished : (1) he crit,ical period; (3) henoscopic rlverages; 
(3) the percentages of probability o the various meteoro- 
logical phenomena for each 10-day period during t.he 
wason of growth; (4) decrease of the yield caused by 
various unfavorable conditions (this decrease measures 
the intensity of action of the different unfavorable 
factors). 

logical factors unless some method is P ollowecl which will 

For this 

P T;. 

GENERAL RULES TO B E  OBSERVED W E E N  MAKING BIO- 
YETEOROLOQICAL OBSERVATIONS. 

than the 

caryopses. 
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I t  is therefore iudispensable, in order to insure a good 
wheat crop, that the rainfall should be abundant during 
one or both of the 10-day periods before heading, so as 
to supply the plant with the moisture necessary for tlic 
ra id and ini ortant rowth operations. 

%hat has teen sai: regarding rainfall holds good i i i  
the case of all the other nieteorologicd ftictom mcl 
phenomena. 

tical results. 

there had been 
an earlier- 

ripening variety, it would have beer1 possible to alter the 
date of the headin phase to April 25-30, so as to make 
the critical perio % for moisture coincide with more 
favorable weather conditions. 

In order to do this it would, however, be necessary to 
know in October what the weather is to be in the spring. 
The weather can only be forecast with certainty for 24 or, 
at  most, 48 hours. Thzm mops can, not be adapted to tht 
uvat h er . 

Hut if it is impossible to foresee in the autumn the 
a.tmospherk conditions that will prevail at Bologna and 
Sciacca (Sicily) during the second half of April, one 
thing is very c,erta.in-viz.; that drou h t  in the second 

occurrence at  Sciacca than at  Bolo 

of th,e year, they can { e  adapted to th ,p  average climntic 
conditions, which can be shown b the percentages of 
probability-probability of frost, c8ought, storms, fogs, 
e tc . 

Brounov has already suggested that a 10 days’ period 
be called ‘ I  dry” if the total atmospheric precipitation 
does not exceed 5 mm.! but if this definition can perhaps 
be accepted by the c.limatologist it is of very relative 
value to the agriculturist. 

The important point is not the sum total of the 
atvmos heric precipitation, but the amount of water 
actual y at  the disposal of the plant which is re resented, 
at  least to some extent, by the soil moisture. he latter, 
however, even when the amount of rain is equal varies 
within very large limits according to thermic, agrogeo- 
logical, topographical conditions, and the like. There- 
fore, in speaking of drought, we must adopt the ecological 
criterion and refer “ to  the comples of values and en- 
vironmental relations producing a deficiency of ‘the water 
required by a given cultivated plant.” 

This is A. question for the biologist and comes within 
the province of plan b ph-ysiology. 

When once the meterological values resulting in 
“dryness” have been determined on the basis of a thor- 
ough knowledge of the local agrogeological conditions, 
the probable occurrence, or the fre uency of these values, 

By CR r culnting for a certain district and for n long 
aeries of years (at least 20), the number of times a partic- 
ular 10 days’ period has been LLdry’’ and expressing the 
results thus obtained as percentages, tho figures will 
vive the probability of drought during thab period of 10 
4aw. 

if we suppose that at station 8, the second decade in 
Julv is dry 15 tinies in 20 years. we can say that the 
probability of drought during that period a.t A is 75 per 
c.ent. 

What has been said regarding drought t d s o  applies to 
all other meteorological factors or phenomena.. 

7% dptfrmination I f  f h p  &crea.oa in yield h e  to tliferent 
,ii.,nJa 'vera b Z I !  m.ptporolo!qica.l ph .enomen.u.-Example..- 
Drought and wheat at  station A: 

( a )  Average grain crop in years when drought lias not 
yr twz i ld  during the 30 days previous to heading. 

( b )  Aver ip  ain crop in yenm when droiight has prf-  
twiled during t i? le 30 days before heading. 

(c) The diflercnce between the two crops (a a d  h )  gives 
t i s  t,be mean decreiise in yield due to the drought. It 
may be assumed that this difference amounts to 5 quin- 
tals. 

The comparative esamination of the phenoscopic 
factors (.talle average date of heading) and of the percent- 

half of April is a much more proba % le and frequent 

I f i  thercforr, i t  i s  not I osSib7e to a. CF apt c r o p  to thr wcathrr 
a. 

.p P 

can easil be established for perio 8 s of 10 days. 
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age of the probability of drought permit the determina- 
tion of the frequency of drought during the critical 
period at station A. 

Suppose that the probability of drought during the 
two decades (periods of 10 days1 before heading is 30 
er cent (drought occurring in one year out of five. 

b i t h  a loss of 5 quintals er hectare owing to want of 

drought (one year in five), the annual reduction in 
yield caused by want of rain woiild amount on an average 
to 1 quintal er hectare. ’ 

Biorneteoro~aical bn7airc?a.-By adopting this method it’ 
would be possible to construct a ninthema.tically correc t 
balance for every cultivated plant, for the different pil.rts 
of its area of distribution. 

Example: In the district of S the drought, caused an 
average decrease of 2 quintals of grain per hect,nve, t,he 
frosts were res onsible for a loss of 0.10 quintds. nnd 
lodging for a Becrease of 0.50 quintal. In S, droiqht 
was the mete.orolopea7 fgctor most injwioi is  to wheat. 

In the district of Y, 3 quintals were lost owing to lodg- 
ing, 1 quintal from frosts, and 0.50 uinbal t,hrough 

showers accompanied by wincl) is the most in.jiirioirs 
-factor. 

In this way it is possible to obtain a sure guide as t o  
the nieans to be ado ted in each dist,rict in order to limit. 

What are these means ? 
The m a n m r  in srrhic7i n knowlcdgc of f A E  critical prriodn, 

o the decrease .in yield dwe to vri.rinus mtttorolo(rica! f o c t 9 r ~ ,  

and frapuen.cy ?f the d@ereiat .m.ctcorolo!qica . ph~noin.tiio 
iuodd mkc! zt possibire to in.crense tAc yicld b y  t h . p  prw/ws- 
sively better ad:iptrlti.on ?f  crops to climatic con.dition.s. 

Once t h  chkf  cause of the low returns is determined. 
there we thee  ways of findiii a remedy. 

t-he critical period has been discovered in such a way as 
to niake this period coincide with inore favorable weather 
conditions. 

Esample: The average date at which the rwiety of 
wheat heads at  station A is May 18, while, on the ot.1ie.r 
hand, the probability of drought durina the last 10 days 
of April and the first 10 days of May t‘critical period) is 
70 and 75 This is the reason of 

da-ys of April, however, the probability of dropght fnlls 
to 10 and 15 per cent, respectively. Therefore by sowinv 
or using an earlier ripening type of wheat, which woul8 
head between April 20 and 25, it  would be possible to 
escape, at  all events to some estent, the injurious effec.t,s 
of the want of rain. 

(2) By artificially alterin the ineteorologicd clontli- 
lions during the critical perio 2 -for instance, by irrigating 
in districts subject to drought. In suc.h a case the knowl- 
edge of tho critical period would enable much water and 
labor to be saved, as the operation could be confined to 
the t h e  of actual and greatest need. 

(3) Plant breeding to obtahi resistant varieties to the 
most adverse meteorological conditions. This is of the 
most effective means of checking atmospheric influence. 
In this connection it is necessary to study the matter 
inore in detail because of the great disappomtments met 
with by some breeders in trylng to e-uport varieties to 
countnes far from the original region and with different 
climates. 

rain (as assumed) and wit’i P a 20 per cent probability of 

drought. Therefore, in Y, loth/inq (proc 1 uced by heavy 

the damage caused 73 y unfavorable weather conditions. 

t x e. phenoseopic averages, and t h t  pcrccntw/e o prohabitity 

(1) By altering the t.ime of t, % e growth stage for which 

f 

er cent, respectively. 
the somew % at low .yield. In the first. and second 10 

Most of the cultivated wheat varieties are from the 
genetic oiiit of view more or less mixed types (popula- 
tions) Xiff er inl  physiologically and morphologically 
in their fixed c aracters. The choice of these forms by 

ure-line breeding must be the first endonvor of the 
greeder with a view to obtaining later further improved 
types by h bridization and selection. On the other hand, 

stability assured by the simple pure-lines selection. 
As a result of this first trial some pure lines will be 

obtained, each one derived from a single parent plant 
and in all probability with very constant characters. 

Aniong these, lines wit.h high resistance to the most 
adverse ~neteorological condition a.nd most adapted to 
particular condit.ions of a given localit should be chosen 
and the best date of sowing  lete ermine^. Once this work 
is achieved no further im]-,rovemeiit is possible unless 
iiiut,ations occur, which, horn-. .ver, is very seldom the case. 

For further improvemcnt it will be necessary to fall 
back on hybridization. 

In the A station, exposed to drought, suppose a pure- 
line selection is obtained distinguished by its hi h degree 

(rusticity) is followed by lowering of specific yielding 
capacity, the new drought-resistant line will give a sure 
and constant yield (also in an unfavorable season), but 
soinewhat low. In this case to get a higher yield it is 
necessary as already stated to proceed to hybridization. 

Owing to the indiviclualit and independence of 
charactors (low and high y i e l z q  capacity, high or low 
degree of resistance to drought, etc.), as shown by phe- 
nomena of division and recoiiibiiiation of characters, it  is 

ossible to combine by crovsing in one type twacharacters 
From two clificrent parents (types). 

In the case under consideration the local variety very 
resistant but low yielding will be crossed with another 
variety nonresistant to drought but showing a good 
yield. 

Before crossing, the exotic variety should be acclime 
tized and undergo pure-line selection so a3 to control 
purity and become familiar with the specific characters. 
After hybridization the subsequent work of choice. and 
isdlation of fcmns should be carried on carefully and con- 
tinuously with the idea of choosing between tho numerous 
forms the forin which conibine the two characters “high 
yielding capacity” and ‘i resistance” in the most favor- 
nble proportion with elimination of negative characters. 
In Sweden, where low temperature is the most danger- 

ous meteorological factor, excellent wliF@ varieties were 
roduced very resistant to cold and givm a ood yield 

!y crossing the local resistant variety w i k  t%e English 
Square-head, a good yielder. The work of hybridization 
and selectmion conducted by scientific methods for over 
30 years has given the variety “Pansar,” which yields 
157 per cent more grain than the ind.igenous wheat. 
Pansar was obtained by crossing Granad,ur (a pure line, 
acclimatized from Square-head) with Ko#e (a pure line 
froin tho indigenous hvedish wheat) . 

The use of the method suggested and described would 
lend to tho following results: 

(1) It would show which among the many varieties of 
a cultivated species, such as wheat, is the most suitable 
for a given district. The tendency to use and introduce 
over too-wide areas and in surroundings somewhat tlif- 
ferent from their place of origin the new products ob- 
tained by selection, or crossing cpmbined with selection, 
has already led to many serious dlsappomtrnents. 

good resu 9 ts can be obtained and breeds of consistent 

of resistance. But as generally increased % ardiness 
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(2) It would show the best date for sowin with the 

favorable weather conditions without leaving out of 
account the length of the solar day, which exercises so 
great an effect upon the life of the cultivated lant. 

o erations and the best time to carry them out with the 
o !I ject of controlling the negative ac.tion. of unfavorahle 
meteorological factors or phenomena. 

(4) It would guide the plant breeder in his efforts t.o 
unite in a single individual and in the best proportions for 
obtaining the maximum yield the character of “specific: 
productivity” and of “resistance to the most injurious 
meteorologmal phenomena.” 

In  the results obtained by the work of environmental 

view of making the critical periods coincide wit % the most 

(3) It would demonstrate the most suitab P e cultural 

ecological synthesis, which has been ex- 
the area of present and possible cul- 

have the data necessary for the con- 

g struction of the common basis, the fundamental lan of 
collaboration, on which should be founded t8he la ors of 
the plant breeders of every country. From these data 
they will learn the requirementa of the different climatic 
zones of wheat (and of other species of plants), and will 
be able to correlate their labors in a single well-devised 
effort to attain clear1 defhed aims. 

tions depends naturally on the intensity and frequency of 
such phenomena and on the possibility of ada ting crops 

pheric surrouhdings of a region then lose something of 
their instability and acquire a fixed character almost 
like the soil and the topographioal conditions. It is 
posaible and necessary to take them into account in 
jud . gafarm.  

z a g r a p h s  1 4  describe the long and careful work of 
choosing suitable cro s and adaptin them to the climate. 

they are only artial, given the large scale on which it is 

w ?l ole matter is, that the risk of loss (owing to unfavor- 
able weather conditions) is reduced, and lsrger returns 
obtained without extra expense, which means a real 
increase in the value of the capital. 

The problems of agricultural meteorology may, how- 
ever, be subdivided into two main categories: 

(1) Wedher forecasts, which are in the rovince of the 

cultunst in adapting his crops to the weather (defense 
against frost, etc.). 

(2) Agricultural climatolop~ (in a wider sense Agri- 
cultural Ecology), which aims a t  adaptin cro s to cli- 

ted. It is quite distinct t o m  pure meteorolo v n.nd 

 science!^ which are applied to agriculture,\aving many 
interesting pointa of connection with genetics and rural 
economy. 

The amount of ris 3: from unfavorable weat,her c.ondi- 

to climate in the way we have described. .p he atmos- 

This work can not hl to have de Bn ite resulta, even if 

a plied and t 1 e high figures involved. The g i s t  of the 

meteorologist, although they may be use P ul to the agri- 

mate, as is shown by studyin the metho % K  we ave sug- 

a place as a separate branch in the grou of bio 9 ogical 

AGRICULTURAL CLIMATOLOGY OF AUSTRALIA. 

There appeared in the Quartedy Journal of the Royal 
Aieteorologzeal Socipty, October, 1920,’ a very complete 
and interesting paper by Dr. Griffith Taylor, associate 
professor of geogra hy in Sydney University, dealing 
with the climate of B ustralia in its relation to agriculture. 
Some of the more important facts brought out in Dr. 
Taylor’s paper are herewith briefly summarized. 
’ VOl. SLVI, pp. 331-355. 

Australia ha.s a lower average elevation than any other 
continent, and is c.ha.racterized by n greatly diversified 
climate. R.ainfal1 is the chief factor governing settle- 
ment and agriculture and varies from 40 to 50 inches 
or more in limited areas along the northern, eastern, and 
southern cnasts, to lass than 10 inches throughout, much 
of t.he int,erior of t,he country. Generally speaking, thefe 
rtrc four major rainfall rgions-+wmmer rains in the 
nort.11, or the tro icnl pclrt>ions of the continent,, winter 
rnins in thc sou&, a rather unifoim rain region in the 
east, and an arid re,gion in the interior and middle west. 

In more than one-third of the continent drought is H. 
permanent condition, while one-half of it receives prac- 
tically no rain for sis months of the year. It is the 
border land between the arid region and moist districts, 
where damaging drought is frequent, and niuch feared, 
for here lies t,he main wheat belt. As regards the inland 
portion of South Australia, drought occuh about once in 
three gears. Considerable attention has been given t,o 
irrigation. It is difficult to det,ermine the lowest, limit,s 
of rainfall which admit of profitable a culture in Aus- 
tralia without irri ation. 

dry farming methods of fallowing and careful tilth are 
practiced and become increasingly important ns the arid 
area is ap roached. 

The de i nition of dry fa.rnling varies in different sec- 
tions. In South Australia, a rwion receiving less than 
1s inches of rainfall a year, is 3asse.d as dry. while in 
New South Wales, H. region receiving even 25 inches, is 
so classed. An important factor in  this connection is 
evaporation: it has heen stated that every :3 inches of 
avaporntion requires I inch of r i n  tldc1itinn:i.l as a11 off- 
set!, so that 15 inches of rain in the southwest of New 
SoutsJi Wdes is equivalent to 20 inches in t.hc northwest 
portion. 

Whed is ty far bhe most important crop in Austrs.litl. 
It is rown principally on t,he sout,liem plains bet,weeii 
the B ? ue Mountains rind the interior desert, along a nn.r- 
row belt in the comparatively moist, cool ortions of the 
country. Its climatic limitations are in R icated by the 
absence of the crop in the northern tropical portions and 
also in the moist,er coastal belt of the sout,heast. The 
primary climatic control is rainfall, but it is not the annual 
total so much as the seasonal distribution. For good 
yield it is essential that sufficient moisture be received in 
the early autumn (April-May) , when plowing and seeding 
are in prqgress, and again in the sprmg (Sept.ember-Oc- 
tober) , when the plants are heading and flowering. With 
these requirements realized, Australia is assured of a fine 
wheat crop. 

In the early stages of wheat production in that country 
mistakes were made and corrective progress was slow. 
Bt first it was thought that abundant moisture was essen- 
tial, and cultivation was confined to the wetter, coastal 
country, with its annual rainfall of 30 to 40 inches, but 
the results were disappointing. Later it was discovered 
that the drier, interior districts were more suitable for 
this plant, which altered the situation very happily. The 
bulk of the crop is now grown where the annual rainfall 
is less than 25 inches, and in some sections wheat is 
grown where rainfall is very light. It hns been stated 
that on some well-worked, fallowed land good crops have 
been gathered when rainfall was less than 5 inches. 

In most coun- 

but in Australia a ver large proportion of it is comprised 
of wheat and oats. h o p s  originall sown for grain are 

In much o !T the wheat belt 
only one-third of t fi e area is under wheat a.t a time: the 

The nest crop in im ortance is hay. 
tries hay consists chie f p  y of meadow and other grasses, 

frequently cut for hay owing to the P act that the outlook 
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for grain is not satisfactory. For example, in the drought 
year of 1914 nearly 1,000,000 acres were cut for liay in 
New South Wales instead of the normal 150,000 ac.res. 

The distribution of oats differs cansiderably from that 
of wheat, the chief roducing region being found where 

is confined to the well-watered east coast and is derived 
almost entireiy from cane. The temperature range under 
which sugar cane is rown is very considerable, var ing 

ceeding 40 inches confines product-ion to the coast 
section. 

The principal stock industr of this country is raising 
sheep, and here again rainfal 3 is the control. Ninety 
per cent of the sheep of Austsalia are found in the south- 
eastern third of the continent, and the number grazed 
in a region receiving less than 10 inches of rain is insig- 
nscant, while there are practically no sheep where the 
average temper$ture exceeds 77’. There is a close re- 
lation between the distribution of sheep and rainfnll. 
With an annual fall of )3 inches, about 20 can be grazed 
per square mile: with 20 inches, 180 may he maintained: 
while with 35 inches, t,he number has increased to 400 

With rainfall greater than 35 inches, 
towever, there is a rapid diminution in the number of 
sheep raised, and where 50 inches or more of rainfall are 
received no sheep are found. The cattle industry is of 
not nearly so eat im ortance as that of raising sheep 

cattle also graze, but as a rule the lat,t.er a.rC foiind t-o 
thrive in the wetter localities.---J. B. IC. 

WEATHER AND THE YIELD OF TEA. 

The influence of temperature, rrtinfall, a.nd huiiiidiby 
on the yield of tea during 1915, 1919, and 1930 is tlis- 
cussed briefly by C. R. Harler in Indian Tin Arcsocii7tion 
Scienee. Department Quarterly J o ~ ~ r n a l ,  1921, No. 1 ,  pp. 

A warm and moist atmosphere is essential for good- 
sized leaves. An  abundant rainfall is necessary, althou h 
excessive rainfall causes a water-logged cond.ition of t i e  
soil that reduces the leaf yield and weakens the plants. 

The normal mean tern erature during the hot weather 
in Assam is about 82.5’ $.! the normal relative humidity 
94 per cent, and the rainfall lti to 30 inches or more each 
month. A rise in temperature is usually accompanied 
by a lowered daytime humidity, which causes a slow 
development of the leaves. In the latter part of the 
summer of 1919 there was a considerable increase in tem- 
perature, while the relative humidit. fell to 75 per cent.. 
A fair amount of rain was received: but “the fall was 
most1 at  night, so that its full effect in raising the 
humi&ty was lost.” These conditions unfavorably 
dec ted  the growth of the leaves .4 .  W. 8. 

the tem erature is a !I out 5 O  cooler than in the principal 
wheat 8 istricts and the rainfail 7 inches heavier. Sugar 

from 65’ to 78’ F., %ut the necessity for a rainfal T ex- 

er square mile. 

and in many o P P  the coo er regions where sheep are raised 

28-3 1. 

INCREASING LENGTH OF FROST-FREE PERIOD ON WIS- 
CONSIN CRANBERRY BOGS BY SANDING. 

J. WAEREN Sum, Meteorologist. 

Esperiment Station 

lete and extensive record of temperature on marsg soils. 
f’he period of observation was from 1906 to 1916, inclu- 
sive. In  a recent statement of some of the results of a 
study of these records, Mr. Malde says: 

Temperature data recently compiled as a summary of 11 seasons of 
oheervations at the Cranberry Experiment Station (1906 to 1916, inclu- 

While in char e of the Cranber 
near Cramnoor, %is., Mr. 0. G. Ma P de made a ver com- 

sive) NJIOV that there ie an average of $8 days between the 1aat spring 
and first. fall frost (June 35 to August Z) over iineinded bo I as against 
I1Y days between laqt epring and first. fall frost over eandecfhog. T h i R  
represents a gain of 95 er cent in 1engt.h of frost-free season on sanded 
hog over that on unsan&d bog. The item of sanding. therefore, greatly 
reduces frost hazards and conserves the water supply by elimimtmg the 
need for the frequent flooding to protect against enmmerfroata. Sanding 
a1.m permits and. in fact. requires deeper and better drainage. and is an 
insurance against firm on a hog in dry t,imes. Sanding. together with 
thicker setting of plantR. redures lahor and expensp of weeding, heaides 
insuring earlier cropping on the hog. 

These statements are in harmon wit.h the observations 
macle by Prof. €I. J. Cos of the 1 d’ cather Bureau, as pub- 
lislied in Bulletin T., TJ. S. Weather Bureau, “Frost and 
Temperature Conditions in t-he Cranberry Marshes of 
Wisconsin ,” published in 1910. 

THE SEASONAL MARCH OF THE CLIMATIC CONDITIONS 
OF A GREENHOUSE, AS RELATED TO PLANT GROWTH.’ 

BY’EARL S. JOHNSTON. 
[Author’s abstract.*] 

The study here re orted was undertaken to measure 
and integrnts the cimatic conditions of a greenhouse 
bv means of various measurements taken from standard 
plants. n.s thesc conditions varied throughout the par ,  
and also to measure and int,egrate bhese same envlron- 
mental conditions in terms of instrumental data, to pre- 
pare for an analysis of such an environmental complex 
and an interpretation o€ t,he plant values by means of 
tlie instrumental ones. 

The general method cinploged by McLenn was fol- 
lowed. Buckwlirat plant,s (approsima.t>ely alike at  the 
start, when t h y  w e r ~  smdl seedlings‘) were grown for 
fnur-meek esposiirP periods during a. tot>al time period 
of 13 rnont,lis. -4 new period hegan every fortnight. 
The plant,s were grown in solut.ic-ni culture i d  the chem- 
ical surrounding+ of t h  root,s were prat.t.icdly the same 
in all CRSCS. Such culture plant,s are considered as inte- 
gmting instruments for measuring the climatic condi- 
tions, tis t,Iiesr? effect plnnt rocesses. Measurements of 
stem height. dry weig!it, Eaf area. and transpiration 
were made at regular intervals RS “ readings” of these 
“ instrunient,s.” Simdtaneous measurements of evapo- 
ration, raditi.tion, and temperature were also obtained. 
These plant and instriimental measurements were made 
from two series of tests, one conducted under the ordinary 
conditions of an unsharled greenhouse at Baltimore, the 
other wit,hin n cheesecloth inclosure in the same green- 
house. 

niostly with the four-weeR data, and mainly with the 
ex osecl series. 

h i e  seasonal march of the four-week plant owtli’rates 
may be summarily described as follows: e rates for 
steiii elongation, for dry-weight inc.rease and for leaf-area 
increase had high summer values and low winter ones. 
These values increased during the spring and decreased 
during the autumn. The rates of trans irational water 

they showed low values about the summer solstice. The 
rates of stem elongation also showed remarkably low 
values for a period about the time of the summer sol- 
stice. The approsiniate annual ranges (ratios of maxi- 
mum to mininiuinl were its follows: Rate of stem elonga- 

Most of the meusurements were recorded ever 
week and weoklg data are resented, but this paper de fd 

loss varied throughout tlie year in a simi ZI ar manner, but 

1 Roianird rontribution from the Johns Hopkins Unlversitv No. 59. -4 dissertation 
submitted to the Roerd of Universltv Studies of the Johns Hopkius U n l v d t  in mu- 
formity with therm.uirements for thk degree of Doctor of Philosophy, Jupy, Id’. 

Delay in  pubU!+on has bpen brought about by the uuscttlctl conditions existing 
dwhg  and immedutel following the war. 
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